(12) INTERNATIONAL^XPPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

IntemationaJ Bureau 

(43) International Publication Date 
24 December 2003 (24.12.2003) 




PCT 



(10) International Publication Number 

wo 03/106059 Al 



(51) International Patent Classification^: 



B08B 7/00 



(21) International Application Number: PCT/DK03/00382 



(22) International Filing Date: 1 1 June 2003 (1 1.06.2003) 



(25) Filing Language: 

(26) Publication Language: 

(30) Priority Data: 
PA 2002 00920 



Danish 



English 



17 June 2002 (17.06.2002) DK 



(71) Applicant (for all designated States except US): MASK- 
INFABRIKKEN FORNAX A/S [DK/DK]; Tietgensvej 
21, DK-8600 Silkeborg (DK). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): THOUSTRUP, Asb- 
jom [DK/DK] ; Lysenvej 19, Hjeifc, DK-7870 Roslev (DK). 

» 

(74) Agent: PATRADE A/S; Fredens Torv 3A, DK-8000 
Aarhus C (DK). 



(81) Designated States (national): AE, AG. AL, AM, AT (util- 
ity model), AT, AU, AZ, BA, BB, BG, BR, BY, BZ. CA, 
CH, CN, CO, CR, CU, CZ (utility model), CZ, DE (util- 
ity model), DE, DK (utility model), DK, DM, DZ, EC, EE 
(utility model), EE, ES, FT (utility model), R, GB, GD, GE, 
GH, GM, HR, HU, ID, XL, IN, IS, JP, KE, KG, KP, KR, KZ, 
LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, 
MW, MX, MZ, NI, NO, NZ, CM, PH, PL, PT, RO, RU. 
SC, SD, SE, SG. SK (utility model), SK, SL, TJ. TM, TN. 
TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY. KG, KZ, MD, RU, TJ, TM). 
European patent (AT, BE, BG, CH, CY. CZ, DE, DK, EE, 
ES, FI. FR, GB, GR, HU, IE, FT, LU, MC, NL, PT, RO, 
SE, SI, SK. TR), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, TD. TG). 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations " appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: MACHINE AND METHOD FOR THERMAL CLEANING AND SEPARATION OF METAL PARTS 



ON 



o 




(57) Abstract: The present invention concerns a machine (2) and a method for thermal cleaning and separation of metal parts, 
preferably a stator (14) from an electric motor, where the stator windings are embedded in an organic and insulating material, where 
the stator (14) is placed and heated to250-500'*C under controlled conditions in a heating chamber (8), where the organic material is 
evaporated, whereby the windings are loosened. The flue gas formed by the heating consists of evaporated organic substances that 
are conducted through a closed pipe system (16) to a condensator (18), where the organic gases condense. The pipe system (16) is 
designed so that condensate is conducted on in the closed pipe system (16) to a partly liquid filled vessel (14). The contents of this 
vessel consist of air and water (22), and concurrently with the condensed flue gas flows in the form of condensate, the content of 
organic material increases in the vessel (24). Condensate is thus separated from air, and the air may again be conducted to the oven 
(4) for renewed absorption of organic material. This method has the obvious advantage that all organic material evaporated from the 
heating chamber (8), is collected in the vessel (24) and may later be disposed of in an environmentally correct and secure way. 
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MACHINE ANb METHOD FOR THERMAL CLEANING AND SEPARATION OF 

METAL PARTS 

The present invention concerns a machine and a method for thermal cleaning and 
5 separation of metal parts, preferably separating a stator from an electric motor, where 
the stator windings are embedded in an organic and insulating material, where the sta- 
tor is placed and heated under controlled conditions in a heating chamber, where the 
organic material is evaporated, whereby the windings are loosened. 

10 In connection with repair and renovation of electric motors, the stator is often to be re- 
woimd. A stator is wound with windings, normally copper windings, which are em- 
bedded in grooves in the stator housing by means of an insulating organic material, 
typically resin or varnish (Harz in German). This material is applied in fluid forai and 
is set by means of heat. 

15 

Prior to rewinding, these windings are to be removed, which may be effected by me- 
chanical removal, or by heating with a manual gas burner (uncontrolled), or by a con- 
trolled heating of the stator housing in an oven. 

20 The latter method provides the best result, but such a facility has various drawbacks. 
The facilities are expensive so that small and medium repair shops cannot pay the 
ivestment in such a facility, and also there is an environmental aspect in this case. 

When the stator is heated in the oven, the insulating organic material is brought to 
25 dissolve and is led away from the oven as flue gas. For environmental reasons, the flue 
gas is conducted to an afterburner that provides so strong heating of the flue gas that 
the organic elements are more or less completely burned off, after which the flue gas is 
led to the free surroundings. 

30 Such a plant is not very economical since, as described above, it is necessary with an 
afterburner requiring some energy for cleaning the flue gas from organic substances. 
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It is also prior art to put the item in an alkaline bath which decompose the resin to 
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some degree, after which the mechanical removal of the winding is facilitated. 

It is the purpose of the invention to provide a machine and a method for thermal clean- 
ing and separation of metal parts, preferably for releasing windings from a stator of an 
5 electric motor under controlled conditions in a heating chamber, where the evaporated 
matter, primarily organic material, is collected, and where the flue gas is cleaned for 
organic material. 

The method according to the invention features that the evaporated insulating organic 
10 material, often resin or varnish, is conducted via a closed pipe circuit to at least one 
condensator, where the gaseous organic substances are condensed, and where conden- 
sate and air are conducted ftuther on in the closed pipe system to a pardy liquid filled 
vessel, from where the now cleaned air is conducted back to the heating chamber to a 
new cycle. 

15 

Furthermore, it is to be mentioned briefly that a method and an apparatus as described 
here may also be used for cleaning other items, e.g. suspension hooks from painting 
facilities, motor parts (removal of soot and coatings), nozzles from gluing equipment, 
screws and tools from plastic extrusion machines etc. These parts are not taken apart, 
20 but only cleaned. 

In a preferred variant, the method according to the invention features placing e.g. a 
stator housing in a convection oven, which heats up the stator housing to a tempera- 
ture in the range 250-500''C, preferably in the range 330-400°C. The heating may be 
25 effected by means of electric heating elements that e.g. are provided in connection 
with a circulating blower in the convection oven. Alternatively, the heating may occur 
in a heating chamber which is heated by means of infrared waves or by induction. 

The flue gas formed by heating and primarily consisting of evaporated organic sub- 
30 stances from the insulation in the stator housing is conducted through a closed pipe 
system to a condensator. In this condensator, condensing of the organic gases is ef- 
fected. The pipe system is designed so that the condensate formed hereby is conducted 
ftuther on in the closed pipe system to a vessel partly filled with liquid. The contents 
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of this vessel consist of aif and water, and concurrently with the condensed flue gas 
flows in in the fonn of condensate, the content of organic material increases in the 
vessel. Condensate is thus separated from air, and the air may again be conducted to 
the oven for renewed absorption of organic material. This method has the obvious 
. 5 advantage that all organic material evaporated from the heating chamber, is collected 
in the vessel and may later be disposed of in an environmental and secure way. 
Hereby, the immediate environment is saved from air pollution known from prior so- 
lutions. 

10 By practical application of a machine for thermal cleaning and separation of metal 
parts according to the method, it has appeared that the plant has a siuprisingly low 
energy consumption compared with prior art methods for separating e.g. windings 
from a stator. 

15 An embodiment of the method as described above for thermal cleaning and separation 
of metal parts is typical with a condensing, where the said condensing occurs by the 
by the hot gas containing the organic substances being conducted into a condensator, 
where the gas is brought into contact with liquid from the vessel, where the liquid has 
a large surface, whereby the gas is cooled so that it condenses. The liquid may e.g. be 

20 supplied via a number of nozzles from where it is atomised in/supplied to the conden- 
sator. 

The liquid which is brought to atomisation in the condensator is pumped up from the 
vessel and up to the nozzles in the condensator. The liquid is taken form a region be- 
25 tween a possible floating layer of organic substances upon the water and above a pos- 
sible layer of precipitate. 

The atomising of the liquid implies a considerable increase of the liquid surface, and 

thereby the air can be cooled rapidly. This cooling causes condensing of the organic 
30 gases, after which air and condensate, as mentioned, are led down into the vessel. The 
air is now cleaned from organic substances and may be led back to the heating cham- 
ber again. The closed system ensures automatically that the oxygen in the air in the 
system at the beginning of the process is consumed over a veiy short period of time in 
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connection with the evaporation, and since the facility is a closed system, new oxygen 
is not supplied. In this way, the oxygen percent^e in the facility is reduced, and the 
danger of flue gas explosion is eliminated, as there is not sufficient oxygen in the sys- 
tem for an explosion to take place. 
5 - 

The oven, preferably a convection oven, is as mentioned connected with a condensator 
via one or more pipe connections, and through these pipes is conducted a mixture of 
air and evaporated organic substances. This flow is ensured by means of a circulation 
blower, which is preferably placed in connection with the oven. This circulation of air 
10 is balanced with the volume of the heating chamber and the amount of gas formed, so 
that heat transfer between air and stator housing occurs a quickly as possible simulta- 
neously with the released gases are led to the condensator, whereby build-up of a ex- 
plosion hazardous gas concentration is avoided. 

15 By a method for thermal cleaning and separation of metal parts according to the inven- 
tion, the vessel is partly filled with air and tap water, preferably tap water with addi- 
tives enhancing the ability of the water to bind released organic substances. 

By supplying additives providing increased ability of absorbing organic substances, 
20 the service life of the liquid may be prolonged, whereby a more economic operation 
becomes possible. 

The preferred method according to the invention is that the system is a closed circuit 
where all flue gases are absorbed in the liquid as condensate, and where fresh air is not 
25 added during the process. As mentioned above, hereby the explosion hazard is mini- 
mised. 

The method according to the invention for thermal cleaning and separation of metal 
parts furthermore includes that the cleaned air, which is conducted back to the heating 
30 chamber for a new cycle, contains water vapour and is usually saturated with water. 

Hereby is achieved the advantage that the humid air, which is led back to the heating 
chamber, is mixed with the air already located in the heating chamber. The humid air 
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then has the effect that a more rapid heat transfer occiirs between the item and the air 
than if the air was dry. Hereby is achieved a not insubstantial reduction of the process 
time with lower costs as a consequence. 

5 hi a preferred embodiment, a machine for thermal cleaning and separation of metal 
parts, such as a statbr from an electric motor, has the heating chamber connected to at 
least one condensator via a closed pipe system, where the gaseous organic substances 
are condensed, and where condensate and air are conducted further on in the closed 
pipe system to a partly liquid filled vessel, from where the now cleaned air via a sec- 
1 0 ond closed pipe system is conducted back to the heating chamber for a new cycle. 

The machine operates by e.g. a stator housing being placed in the heating chamber in a 
convection oven, an infrared oven or an induction oven and is heated to 250-500°C, 
preferably to 330-400°C. From this oven there is pipe connection to a condensator and 

15 further on to a liquid vessel. From the uppermost part of this vessel there is a second 
pipe connection leading back to the oven chamber so that a closed circuit appears. 
With this closed circuit is achieved to the advantage that no leakage of organic gases 
occurs. All released organic gases/substances are collected as condensate in the liquid 
vessel, and may be disposed of in an environmentally correct way when the concentra- 

20 tion in the vessel reaches a maximum level. 

An alternative to replacing the liquid when the condensate concentration is too high is 
to have a cleaning device regenerating the liquid and connected with the; vessel, 
whereby it becomes possible to process the liquid so that concentrate and water are 
25 separated, after which the water can be reused in the vessel. 

The machine according to the invention is equipped with at least one condensator in 
which are a number of nozzles atomising/supplying liquid from the vessel into the gas 
stream, which is thereby cooled so that it condenses, and where the atomised liquid is 
30 supplied from the liquid vessel. 

The condensator is disposed so that condensate appearing in the condensator flows on 
in the system and ends up in the vessel. The liquid brought to atomisation is pumped 
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via a circulation pump in pipes from the vessel and is used repeatedly until a certain 
concentration of organic substances is attained. 

Usually, the machine according to the invention is constructed so that the pipe system 
. 5 between liquid vessel and heating chamber is equipped with a temperature sensor. 

This sensor constantly registers the temperature in the air supplied to the heating 
chamber from the liquid vessel. If this temperature exceeds a previously set maximum, 
the heating elements are switched ofif. In this way is ensured that organic gases from 

10 the stator housing are only released when the gases can be condensed in the condensa- 
tor. This temperature sensor will switch off heating elements at too high temperature, 
irrespectively \^ether caused by clogged nozzles in condensator, pump failure or lack 
of liquid in the vessel. Furthermore, there may also be fitted a safety temperature sen- 
sor in the oven. By switched off heating elements, circulation of air/gas in the system 

15 is continued, while the temperature is falling to a level where the heating elements 
possibly can be switched on again. 

The machine may furthermore be constructed so that the door of the heating chamber 
is designed as a pressure relief flap. 

20 

With this safety feature, a possible overpressure may be relieved to the surroundings. 
The door is equipped with safety chains with the purpose of safeguarding that the oven 
door does not open more than necessary by possible pressure relief. 

25 The machine may furthermore be provided with usual equipment for data collection of 
e.g. operation time, operation temperature, item temperature, liquid temperature, gas 
concentration, and whatever may be of interest to measure. 

In the following, the invention is described with reference to the drawing, which, 
30 without being limiting, shows a preferred embodiment of a machine according to the 
invention, where the Figure shows a machine for thermal cleaning and separation of 
metal parts, such as a stator from an electric motor. But, as mentioned above, the facil- 
ity may also be used for cleaning other items, e.g. suspension hooks from painting 
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facilities, engine parts, nozzles from gluing equipment, sciews and tools from plastic 
extrusion machines etc. These parts, however, are not taken apart but are only cleaned. 

On the Figure is seen a preferred embodiment of a facility 2 according to the inven- 
5 tion. A convection oven 4 is heated with electric heating elements 6 which, however, 
may be substituted by another method without any problems. The air is brought to 
circulate in the heating chamber 8 by means of a circulation blower 1 0, and the facility 
2 is controlled from an operation panel 12, here moimted in connection with the oven 
4. In the heating chamber 8 is placed an item 14 in such a way that the air may freely 

10 circulate on all sides of the item. The heated air, which is now a mixture of air and 
evaporated organic material, is conducted via a closed pipe system 16 to a condensator 
18, where the air mixture flows through and is cooled with atomised water from noz- 
zles 20 placed in the condensator 18. These nozzles 20 are provided with water 22 
from the vessel 24 via a pipe connection 26 and a circulation pump 28. The pipe sys- 

15 tem 16 between condensator 18 and vessel 24 is also formed so that condensate is 
automatically led to the vessel 24 where the condensate is absorbed in the water 22. 
The cleaned and wet air is now conducted on from the upper part 30 of the vessel 24 
into another closed pipe system 32 and back to the oven chamber 8. 
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CLAIMS 

1 . Method for thermal cleaning and separation of metal parts, preferably separating a 
stator (14) from an electric motor, where the stator windings are embedded in an or- 

5 ganic and insulating material, where the stator is placed and heated under controlled 
conditions in a heating chamber (8), where the organic material is evaporated, 
whereby the windings are loosened, characterised in that the evaporated insulating 
organic material, often resin or varnish, is conducted via a closed pipe circuit (16) to at 
least one condensator (18), where the gaseous organic substances are condensed, and 
10 where condensate and air are conducted further on in the closed pipe system (16) to a 
partly liquid filled vessel (24), from where the now cleaned air is conducted back to 
the heating chamber (8) to a new cycle. 

2. Method for thermal cleaning and separation of metal parts according to claim 1, 
15 characterised in that the condensing is effected by the hot gas containing the organic 

substances is conducted into a condensator (18), where the gas is brought into contact 
with liquid (22) from the vessel (24), ^ere the liquid (22) has a large surface, 
whereby the gas is cooled so that it condenses, preferably is added to the liquid (22) 
via number of nozzles (20) from where it is atomised in/supplied to the condensator 
20 (18). 

3. Method for thermal cleaning and separation of metal parts according to claim 1, 
characterised in that the partly liquid filled vessel (24) contains air and tap water 
(22), preferably tap water supplied with additives increasing the ability of the water 

25 (22) to bind the released organic substances. 

4. Method for thermal cleaning and separation of metal parts according to claims 1 - 
3, characterised in that the system (2) is a closed-circuit, where all flue gases are 
absorbed in the liquid (22) as condensate, and where fresh £ur is not added during the 

30 process. 

5. Method for thermal cleaning and separation of metal parts according to any of 
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claims 1-4, characterised in that the cleaned air, which is conducted back to the 
heating chamber (8) for a new cycle, contains water vapour. 

6. Machine for themial cleaning and separation of metal parts, preferably a stator (14) 
5 from an electric motor, where the stator windings are embedded in an organic and in- 
sulating material, where the stator (14) is provided and heated under controlled condi- 
tions in a heating chamber (8), where the organic material is evaporated, whereby the 
windings are loosened, characterised in that the heating chamber (8) is connected to 
at least one condensator (18) via a closed pipe system (16), where the gaseous organic 
10 substances are condensed, and where condensate and air are. conducted further on in 
the closed pipe system (16) to a pardy Uquid filled vessel (24), from where the now 
cleaned air via a second closed pipe system (32) is conducted back to the heating 
chamber (8) for a new cycle. 

15 7. Machine for thermal cleaning and separation of metal parts according to claim 6, 
characterised in that the condensator (8) is equipped with a number of nozzles (20) 
that atomise liquid (22) from the vessel (24) into the gas stream, which is thereby 
cooled so that it condenses, and where the atomised liquid is supplied from the liquid 
vessel (22). 



20 



8. Machine for thermal cleaning and separation of metal parts according to claim 6, 
characterised in that the pipe system (32) between liquid vessel (24) and heating 
chamber (8) is equipped with a temperature sensor. 



25 



9. Machine for thermal cleaning and separation of metal parts according to claim 6, 
characterised in that the door of the heating chamber (8) is designed as a pressure 
relief flap. 
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